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Description of a rapid method o f  determining t h e  coef f ic ien ts  a, 

b, and c i n  t h e  Maier-Kelley empirical equation CaT = a + bT - 
- c T 2 ,  f o r  the  atomic heat capacity of a substance. 

equations f o r  t h e  t h r e e  coeff ic ients  are set up, based on t h e  

Etnpirical 

temperature dependence of corundum. Theoretical  and experimental 

high-temperature heat-capacity values f o r  various inorganic and 

some organic so l id  compounds are tabulated. 

Fcr  mr?y inorganic s o l i d  compounds there  a r e  no mathematical  equations of I 

high-temperature heat capacity based on experimental data  (Bibl.1, 2). 

of approximate methods of calculat ing t h e  heat capaci t ies  of s o l i d  bodies a t  

elevated temperatures a r e  kncwn (Bibl.2 - 6 ) .  

A number 
. 

, 

I n  t h i s  paper, a rapid method i s  proposed f o r  determining the  coef f ic ien ts ’  

a, b,  and c i n  t h e  empirical  Maier-Kelley equation (Bibl.7) f o r  t h e  dependence 

of t h e  heat capacity of a substance a t  constant pressure, c t ,  on t h e  absolute I 

temperature T: 
I 

An equation of dependence of t h e  atomic heat capacity of a substance a t  

constant volume, C:t, on t h e  quantity - has been derived i n  simplified form T 

$5 Presented by N.A.Landiya, Corresponding Member of t h e  Academy, December a, 
1964 

*% Numbers i n  t h e  margin ind ica te  pagination i n  the  o r i g i n a l  foreign t e x t .  
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where t h e  coef f ic ien ts  an and bo are, respect ively,  equal t o  0.87-K and 6.6-K. 

To e s t ab l i sh  t h e i r  values,  we used t h e  equation of t he  temperature dependence 

of c",' of a-corundum, A1203, as being t h e  most r e l i a b l e .  

temperature slope of i t s  heat capacity i n  t h e  298 - 2000'K i n t e r v a l  is  satis- , 

f a c t o r i l y  expressed (4~0.5%) by eq . ( l ) .  1 

a = 5.50 and b = 0.564 x f o r  t h e  atomic heat capacity of corundum (Bibl.1): 

a r e  e n t i r e l y  r e l i ab le .  The Debye cha rac t e r i s t i c  temperature 0 ,  i n  ca lcu la t ing  1 

C, by t h e  present method, is computed from the  value of t h e  standard atomic 

entropy by t h e  formula (Bibl.8): 

In  addi t ion ,  t h e  

Thus,  t h e  values of t h e  coe f f i c i en t s  
l 

j 

I 

8 = 1 1 3 0  [ exp ( --- st;l ) - 0.78 I-'" . : 1 

(53 

The value of k, calculated f r o m  eq.(5) f o r  corundum was 9 3 1 O K .  Consequent-: 

Thus,  t h e  coef f ic ien ts  a and b of eq . ( l )  should be determined from t h e  

following r e l a t ions  : 

The coef f ic ien t  c i s  calculated from t h e  value of ($,&e from eq . ( l )  : 

If t h e  r e su l t an t  values of t he  coef f ic ien ts  a, and bo f o r  corundum are 

constant f o r  various types of compounds, t he  method may be recommended f o r  use. 

It was, t he re fo re ,  necessarg t o  check t h e  accuracy of t h e  computational formu- 
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f o r  t he  Debye function (Bibl.8): 

- where B i s  t h e  c h a r a c t e r i s t i c  temperature i n  OK. Equation (2) may t ake  t h e  for& , 
I 

I 

I n  order t o  pass from C;' t o  Cap' , we make use of t h e  Nernst-Lindemann 

semi-empirical r e l a t i o n  (Bibl. 9) 

I n t  C y  = C, -+ 0.0214 (CY>' -, 
L p  

I 

0 where Tglp i s  t h e  melting p i n t  of t h e  COmpOUnd, i n  K. Consequently, 
I 

Equation (3), containing terms i n  T and T-2 similar i n  form t o  eq . ( l )  
, 

d i f f e r s  i n  substance f r o m  it, s ince  t h e  terms i n  f r o n t  of T and T-' contain /582 
t h e  temperature-dependent quan t i t i e s  Capt and C:t. 

represent  t h e  term (c",' )" i n  t h e  form of  t h e  product c",&,e c",' . 
t h e  e r r o r  r e s u l t i n g  from t h i s  assumption, we must seek a new value f o r  the  co- 

e f f i c i e n t  of K i n  t h e  second term, and determine t h e  mul t ip l i e r  i n  f r o n t  of T-2 

f r o m  C$ige , as t h e  coe f f i c i en t  c i n  eq.( l ) :  

To s implify eq.(3),  l e t  us 

To compensate 

If, i n  eq.(k.), we s u b s t i t u t e  the  expression (Bibl.6) f o r  c",' 
0 

C:' c 6.6-0.87.,, 
I w e  obta in  
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las ( 6 ) ,  (7),  and (8). 

eqs.(6), (7), and ( 8 ) ,  we calculated t h e  heat capac i t ies  a t  400, 600, and 80C°K, 

and s o  on, and compared them with t h e  experimental data  (Bibl.1). I n  t h i s  case, 

we calculated i n  percent the  r e l a t i v e  deviation 6 of t h e  calculated value of C, 

With t h i s  object ,  from eqs . ( l )  set up according t o  

I 

TABLE 1 * 
I 

DEVIATIONS BETWEEN CALCUIATED AND EXPERIMENTAL VALUES OF T H E  
H I G H - T E M P E 3 A T m  HEAT CAPACITY FOR A NUMBER OF S O L I D  

INORGANIC COWOUNDS 

Li lO 
I k O  
n1go 
CRO 
SrO 
]la0 
%UO 
MnO 
V l O ,  
JLI~O,  , 
TiO, 
t i fO,  
ThOl 
S'h,O, 
'l'a,O, 
3100, 
Li F 
NaF 
SaCl 
KF 
KCI 
AgCl 
CnCI, 
MnCl, ' 

FOCI, 
NiCl, 
FeCI, 
UCI, 
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from the experimental 

i n t e r v a l  considered. 

value, as well  as t h e  mean deviat ion 7 f o r  t h e  temperature 

The results of these calculat ions are given i n  Table 1, 
, 

deal ing with t h e  pr inc ipa l  types of inorganic compounds: oxides, hal ides ,  

carbides , n i t r i d e s  , aluminates , silicates , e t c .  

we were mainly concerned with t h e  f a c t  that i n  some cases t h e  experimental 

values of t h e  high-temperature heat capacity may d i f f e r  g r e a t l y  from t h e  t r u e  1 
values if  obtained by a d i f f e ren t i a t ion  of only moderately accurate  enthalpy 1 

equations. I 

It w i l l  be seen f r o m  Table 1 that t h e  proposed rapid method of calculat ing 

C, gives e n t i r e l y  s a t i s f a c t o r y  r e s u l t s  f o r  most compounds (a C 5%) and t h a t  t h e  

mean devia t ion  

&& 
I n  se l ec t ing  these  compounds , 

I 

I f o r  t h e  56 substances considered does not exceed &3.0$. 

I n  cases where a polymorphic transformation of t h e  substance* is  observed 

i n  t h e  i n t e r v a l  298 - Tm , t h e  melting point i n  eqs.(6) and (7) m u s t  be replaced 

by t h e  temperature of polymorphic transformation T t r  (Bibl.6) , yie ld ing  an 

equation of t h e  type of eq . ( l )  f r o m  the low-temperature cy-modification of the  

substance i n  t h e  i n t e r v a l  298 - T t r  . 

I 

I 

It i s  d i f f i c u l t  t o  solve t h e  problem of  a computational determination of 

the  heat capacity equation f o r  t he  high-temperature @-modification of a sub- 

s tance.  I n  f i rs t  approximation, however, eqs , (6)  and (7) may be used t o  s e t  up 

an equation of t he  type C t t  = a + bT f o r  t h e  8-form of a substance, by subs t i -  

t u t i n g  t h e  value of C;.&e by t h e  value of t h e  hea t  capacity a t  t h e  t r a n s i t i o n  

point ,  calculated by t h e  equation of t h e  @-modification of t h e  compound, and 

s u b s t i t u t i n g  0 by t h e  value of % cha rac t e r i s t i c  f o r  t h e  8-form of the  sub- 

s tance.  

' 

An approximate formula f o r  calculat ing OB i s  e a s i l y  obtained by extend- 

* Substances w i t h  a ferromagnetic transformation a r e  not considered i n  t h i s  
paper 
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i n g  t h e  Lindemann hypothesis (Bibl.10) on t h e  melting of a c rys t a l  during poly- 

morphic transformation. 

t h e  well-known Lindemann formula (Bibl.10) i s  obtained f o r  t h e  c h a r a c t e r i s t i c  

temperature, represented i n  t h e  form of t h e  equations 

I n  that case, f o r  t h e  CY- and B-forms of t he  compound, 

I 

- a )  1 '1  (93 @a= 1'j3(T,rmht-'*Vo 1 ) /  , 
(103 

0 

08 = I 33 (T,,. M - 

where M is  t h e  atomic mss, and V i s  the atomic volume of t h e  compound. 

bining eqs.(9) and (10) under t h e  assumption t h a t  Va = & , we obta in  

Vg-'/) )'I' , 
I 

Corn- 

where % i s  calculated from eq. (5) .  

Taking these  correct ions in to  account, we s e t  up t h e  equations of  high- 

temperature heat capaci ty  f o r  substances with a polymorphic transformation i n  

t h e  i n t e r v a l  298 - T,, . 
experimental values (Bibl.1) 

are given i n  Table 2, according t o  which t h e  mean devia t ion  

ca t ion  of these  substances i s  k3.5g and f o r  t he  @-modification, *8.0$. 

The calculated values of C, were compared with t h e  

The r e s u l t s  of t h e  calculat ions f o r  12 compounds 

f o r  t he  a-modifi- 

It f585 

i s  obvious that t h e  proposed method of ca lcu la t ing  C, is characterized by a 

r e l a t i v e l y  low accuracy f o r  t h e  P-form of t h e  compound. This i s  due t o  t h e  

approximate character ,  both of the  proposed computational formulas and of I 

c e r t a i n  experimental da ta  used i n  t he  comparison. 
P 

I n  t h e  absence of an experimental value o f  S",e f o r  t h e  t e s t  substance, i n  

ca lcu la t ing  C, by t h i s  method, we may use i t s  approximate value determined by 

t h e  empir ical  methods of t h e  l i t e r a t u r e  (Bibl.2. 11, 12). It has been estab- 

l i shed ,  by t h e  a i d  of spec ia l  calculat ions,  t h a t  any f luc tua t ion  of t h e  values 

of S i i s  and Tm, within a range of +lo% leads t o  an average decrease of *0.5 
6 
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t o  1.0% i n  t h e  accuracy of t h e  equations obtained f o r  C,. 

value of C;kge is  used, it should be qua l i f ied  by a n  e r r o r  of < 5%. 

If t h e  calculated 

The 

TABU 2 

DEVIATIONS BETWEEN CALCULATED AND EXPERIMENTAL VALUES 
OF THE HIGH-TEMPERATURE HEAT CAPACITY FOR CERTAIN SOLID 

SUBSTANCES WITH A POLYMORPHIC TRANSFORMATION I N  THE v 
INTERVAL 298 - T,, 

1- 5.3 
1-16.2 
+ 3.6 

* 0.5 
I +  3.3 
/ *  1.7 
+ 12.5 1,. 6.1 

I+ 8.7 

I 

298- 1261 17- Cn,fPO,), 
I ~ w - ~ ( K w )  i f -  c~~(Po, ) ,  
298-818 a -- Su'a,TiO, 
848 -1800 $--Xa2TiU, 
298- 727 "n,SO,.11[ 
727- 1400 'sn,so,. I 

i 

2%-875 / a -  K,SO, 
875-1 150 '?-K,SO, 
298-720 ' n  - Cn,P',O, 
720- 2000 j+- Ca,P,OI 

a-CaTiO, 4- 7.9 3.1 298-1530 la--RIn,C 

I i I I 
!l--CsTiO, 1 $15.6 1530 2000 P-Mn,C 1 -24.9 I -23.5 1310 1500 

I 

additive-entropy method developed by one of us (Bibl.13) must be considered as 

most s u i t a b l e  f o r  t h e  approximate ca lcu la t ion  of C',;,B. 

wi th in  k5.0$ and may be successfu l ly  used with t h i s  method of s e t t i n g  up t h e  

equations of t h e  high-temperature heat capacity of s o l i d  inorganic compounds. 

T h i s  method i s  accura te  
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